ABSTRACT
One of the most important targets of distribution automation is to detect any fault in the network and to report on it as soon as the failure occurs and
The high voltage transmission system topology allows for point to point power line carrier connections between substations, covering distances up to few hundred kilometers. Blocking coils are used to isolate the high frequency transmission over the power line from the substation impedance. The signal transmission is achieved using capacitors and coupling units as line tuners.
In medium voltage distribution power systems, mainly in urban areas, the usage of blocking coils is not an economical option due to the system topology and impedances, with transformer and switching vaults located few hundred meters apart. Also, the characteristic low impedance of distribution underground cables doesn´t favor the adaptation of impedances to power line carrier frequencies.
This document proposes the usage of the shield in the medium voltage underground distribution cables as the transmission media for power line carrier signals.
The application included in this paper shows how to integrate and communicate intelligent elements to locate short-circuit faults in medium voltage underground distribution systems using a PLC Fault Locator. 
UNDERGROUND

TRANSMISSION MEDIA
The layered construction of some underground power distribution cables can be compared to the structure of coaxial cables.
The inner conductor is covered by an insulating layer, in turn covered by a shield. This shield is connected to ground in the medium to low voltage transformation centers. Semiconducting layer 3.
Isolating layer 4.
Semiconducting layer 5.
Metallic shield, outer layer
The shield in underground cables can perform different functions, such as: The characteristic impedance of an underground distribution cable is determined by its construction and defined by the electrical parameters of inductance per meter (L), and capacitance per meter (C).
The typical values for these parameters provide an impedance range between 10 and 50 ohms, contrasting with the much higher values of overhead cables ranging between 200 and 600 ohms.
The blocking and tuning elements used in high voltage are not economically justifiable in medium voltage systems. Besides, in most cases, the space constraints in the underground vaults prevent the usage of such elements.
The transmission of high frequency signals via the cable shields makes the communication path independent of the electrical connections in the distribution system. This is an advantage in systems where loads are feed from multiple points and certain circuits can remain open.
The characteristic impedance of the shields is not as constant as the impedance of the medium voltage conductors, but the use of inductive couplers permits utilizing the path provided by the three phases providing a physical conductor between vaults. The high frequency signals travel from vault to vault via the current loops between the cable shields in each phase. The signal advances between vaults creating links between the couplers.
Although there are not standards for this type of communications, the frequencies utilized in Europe are defined by the standard CENELEC EN50065 for Band A.
Note that this standard is not specific for communications in the medium voltage system but for data transmission in low voltage installations in the 3 to 148.5 kHz band. Figure 4 -Frequency bands for use by power utilities
The low frequency signal power is determined by the band used. Band A ranges from 9 to 95 kHz.
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The PLC Fault Locator is used to locate short-circuit faults in the distribution system. The integration of PLC modems in the transformer and switching vaults, communicates the fault detection to the control center in a short time.
The principle of operation is that the fault current will only be detected by those devices located in the path to the fault. Knowing the system topology and the location of the detectors, it is possible to pinpoint the faulted cable section.
In the example shown in figure 5 , the fault is between the vaults 6 and 7.
The effective usage of the medium voltage lines as communication paths is limited by the existing noise and interference. The PLC Locator using the cable shields takes advantage of the application. In most cases, when the devices communicate the fault detection, the distribution feeder is dead after the operation of the protection relays. Therefore the noise generated by the AC power of 50 or 60 Hz or by the loads and apparatus connected to the grid is minimized or nonexistent. In the field trials for this application, the communication signal in the shield presents a high efficiency.
Existing Fault Locators activate an optical indication or radio signal. Using power line carrier, the information can be sent to a secure location from where to relay it to the control system via the Scada system, cellular GPRS modems, or other medium. The PLC modems used in this application do not require high complexity, since they do not have high levels of noise.
The Fault Locator system of detectors with PLC communications still requires a robust and efficient system.
There are multiple ways to configure the communication system. In a system where the fault detectors communicate with the control center via cellular GPRS modems, as show in figure 6 , it is possible to minimize the usage of cellular modems.
By using PLC, some of the PLC modems act as a concentrator for other detectors using PLC communications.
With a master-slave configuration, the masters have a polling system to update the status of the slaves. The efficiency of the PLC communication system determines the maximum number of slaves that a master can handle.
Creating PLC islands is possible to monitor the complete distribution system.
In the example on figure 6, the whole system is monitored by 3 masters or concentrators that relay the information to the control center.
In case of a short-circuit and trip by the protective relays, the master detectors can send the status of each detector in the system via GPRS, SMS, LAN, BPL, fiber optics or any other Scada communications available. This system enables a fast location of the faulted section with a fast restoration as a consequence.
A PLC Fault Location system also integrates functions such as remote setting programming for the different fault detectors, or remote access to the system sequence of events, alarms, and load profile records.
In those locations where the cable shields are not accessible, it is possible to communicate via the conductor itself using power line carrier with capacitive or inductive Prague, [8] [9] [10] [11] 
